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Method for Measuring and/or Regulating the Oscillation Amplitude 
of an Ultrasound Oscillator as well as an Ultrasound Welding Device 

The invention relates to a method for measuring and/or regulating the oscillation amplitude of an 
ultrasound oscillator of an ultrasound welding device, comprising components producing and 
transmitting oscillations in the form of at least one converter and one sonotrode, as well as, if 
applicable, a booster placed between the converter and the sonotrode, wherein the ultrasound 
oscillations are produced by transmitting a high frequency voltage coming from a control circuit to 
the converter. In addition, the invention relates to an ultrasound welding device, comprising 
components producing and transmitting oscillations in the form of at least one converter and one 
sonotrode, as well as, if applicable, a booster placed between them, a backing electrode (ambos), 
between which and the sonotrode compressible, weldable parts, such as wires, are to be placed, 
preferably in a compression chamber, wherein to the converter for oscillation production an 
amplitude is transmitted across a control system with high frequency voltage. 

In order to obtain reproducible welding results, it is necessary to monitor welding parameters and 
then, if predetermined target values are exceeded or not met, regulate them. It is thus disclosed in 
DE-A-198 10 509 to capture ultrasound waves coupling into a welding material following a 
reciprocal effect with a joined layer as the measuring signal, in order to then further process 
characteristic parameters by means of a measured data memory and an evaluation unit for the 
welding process with subsequent control of the sonotrode. 

In order to control and regulate the process parameters in the ultrasound welding of plastic parts, 
DE-A-43 21 874 proposes that the joining force be measured during the welding process to 
monitor the energy application at a joining location between two parts that are to be welded. 

According to EP-B-0 567 426 the oscillation amplitude of a sonotrode welding plastic parts is 
reduced after a predetermined time interval, in order to then work with a lower oscillation 
amplitude during the remaining time of the welding operation. An appropriate control signal to 
reduce the amplitude can also be initiated directly or indirectly as a function of the power 
transmitted to the work pieces to be welded, as is revealed, for example, in WO- A- 1998/49009, 
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US-A-5,855,706, US- A-5,65 8,408 or US-A-5,435,863. 

WO-A-2002/098636 discloses a method for welding plastic parts, in which during an initial time 
span the oscillation amplitude is reduced following a given course to optimize the welding 
process, in order to subsequently perform a measurement of a characteristic parameter of the work 
piece and then, as a function of the value of the parameter measured, end the welding process with 
a constant amplitude of a sonotrode transmitting ultrasound energy. 

In order to check connections established by ultrasonic wire bonding, DE-A-101 10 048 envisions 
an online monitoring method on the basis of predetermined or stored master values, which allow 
inferences to be made about the stability of the connection. 

An ultrasound welding method for coated electrical wires and a device for performing the method 
are disclosed in DE-A-102 1 1 264. In order to vary the welding energy after removal of the 
insulation and for the welding of the conductors, a measurement of the resistance of the electricity 
flowing between the sonotrode and the backing electrode is carried out. 

The underlying problem of the present invention is to provide a method of the type named at the 
outset with which the oscillation amplitude of an ultrasound oscillator can measured and/or 
regulated in a simple manner. 

To solve this problem, the invention essentially provides that a sensor detecting the oscillation 
amplitude is associated with at least one component of the ultrasound oscillator and that signals 
corresponding to the oscillation amplitudes determined by this sensor are monitored and/or are 
compared with the expected signals in the control circuit or the measuring and monitoring device 
and that, as a function of deviations occurring between the actual and expected signals, the high 
frequency voltage transmitted to the converter or the transmitted high frequency current is varied. 
A regulating process takes place. 

According to the invention so-called amplitude feedback occurs in order to control the amplitude 
of the ultrasound oscillator such that reproducible and optimal welding results are attainable. 
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Amplitude feedback, however, also serves the mutual tuning of different oscillators in order to be 
able to compensate for possible amplitude deviations between the individual oscillators. In 
addition, amplitude feedback offers the possibility of compensating for amplitude changes of an 
ultrasound oscillator which are caused by deterioration. 

5 

Limit temperatures at the converter also can be acquired by means of a frequency shift of the 
operating point and thus be compensated for. Finally, if impermissibly high amplitudes occur, the 
production of ultrasound oscillation can be interrupted so that safety functions can be satisfied. 

1 0 In addition there is also the possibility, thanks to the invention, of determining any deterioration of 
the piezo-ceramic discs producing the oscillations or changes in electrical variables, such as the 
high frequency voltage signal of the control system, for example of the generator. The load/no- 
load behavior of the converter can also be detected by means of amplitude feedback. 

1 5 A piezo-ceramic sensor in particular can be used. It can be integrated into the converter, wherein 
in addition to the active piezo-ceramic discs, by means of which the ultrasound oscillations are 
produced, a piezo-ceramic disc is used, from which signals for the purpose of determining the 
amplitude are produced and accessed, on the basis of the pressure application produced by the 
other piezo-ceramic discs. An optical detection of the amplitudes, e.g. by means of a laser, 
however, is also possible. Other sensors, such as ohmic sensors, e.g. elongation measurement tape 
sensors, acceleration sensors, or acoustic sensors can also be used. 
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If the sensor is preferably integrated into the converter, there is the possibility of placing a 
corresponding sensor on or in the booster, on or in the sonotrode, on the converter housing or at a 
25 mount or receptacle of the ultrasound oscillator, in order to generate the desired signals and thus 

allow monitoring or control of the amplitudes. 



In order to facilitate optimal amplitude detection and thus feedback, it is provided that the sensor 
is placed at the maximum oscillation of the component elements, especially the converter. In the 
30 process the masse of the sensor should be designed such that a noticeable mass falsification of the 
component element does not occur. In addition, the sensor should be connected such to the 
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component that the sensor oscillates in tune with the component. 



The signals of the sensor can be evaluated in that the alternating signals produced by the sensor 
are compared with those of the high frequency current and the high frequency voltage source. 
Here, too, there is the possibility of rectifying the alternating voltage signals obtained from the 
sensor and to make them available to the control system as direct voltage signals for regulating 
purposes. In the process the actual value of the direct voltage signals should be between 0 and 1 0 
volts. 

In a further development of the invention it is provided that the control signals are present at the 
input of a differential amplifier with a comparator, that the high frequency current and the high 
frequency voltage signals of the control system are present at another input of the differential 
amplifier, and that the output signal of the comparator forms the basis for regulating the high 
frequency voltage and the high frequency current. 

In order to determine the oscillation frequency it is also provided that the sensor signals are sent 
to a comparator and are transformed into voltage pulses with the oscillation frequency of the 
signals and then are sent to a counter. In the process the signals can be present at a counter input, 
e.g., a PLC control system. 

The invention is in particular also characterized by an ultrasound welding device of the type 
named at the outset, wherein a sensor detecting the amplitude is associated with at least one 
component element. This sensor in particular is a piezo-ceramic sensor. A capacitive or inductive 
sensor, a resistance sensor, such as an elongation measurement strip sensor, an optical sensor, or 
an acceleration sensor can also be used. Independently thereof, the sensor can be positioned on or 
in the converter, on or in the booster, on or in the sonotrode, in a housing surrounding the 
converter, or at a mount of the ultrasound oscillator. A sensor can also be placed on the basic body 
of the welding module and at the receptacle for the oscillator and the compression chamber! In this 
case, the sensor for detecting the amplitude is a contactless sensor, such as an optical sensor. 

« ■ * 

Preferably, however, a piezo-ceramic sensor is used. The invention is also characterized by an 



ultrasound welding device, in which the converter comprises several first piezo-ceramic discs able 
to be put into oscillation, which discs are placed between a converter nut and a pin and are 
tensioned between them by a first bolt element, which protrudes over the outer surface of the 
resonator body, wherein the first bolt element comprises a tapped blind hole starting at the front 
area running from the converter nut side, into which hole a second bolt element can be screwed, 
with which the piezo-ceramic sensor is tensioned in relation to the first bolt. In the process the 
piezo-ceramic sensor comprises in particular two piezo-ceramic breaker plates, each of which has 
an outer diameter AD of 1 5 mm </- AD </- 1 0 mm and/or an inner diameter ID of 8 mm </- ID </- 
4/mm and/or a thickness D of 1 .5 mm </- D </- 0.5 mm. The electrodes needed to acquire the 
signals and running on the respective outer area of the piezo-ceramic breaker discs are preferably 
baked silver electrodes. In the process the outer electrodes have a ground voltage. 

Further details, advantages and characteristics of the invention result not only from the claims, the 
characteristics revealed in them by themselves and/or in any combination, but also from the 
following description of preferred embodiments shown in the drawings. 

Seen are: 

Figure 1 : A principle depiction of an ultrasound welding device with periphery, 

Figure 2: A first embodiment of a converter with sensor, 

Figure 3 : A second embodiment of a converter with sensor, 

Figure 4: A third embodiment of a converter with sensor, 

Figure 5: A booster with a sensor, 

Figure 6: A sonotrode with sensor, 



Figure 7: A cutout of a converter, 



Figure 8: Signal curves, 



Figure 9: A first evaluation circuit, 

Figure 10: A signal obtained from the first evaluation circuit, 
Figure 1 1 : A second evaluation circuit, 

Figure 12: A signal obtained from the second evaluation circuit, 

Figure 1 3 : A third evaluation circuit, and 

Figure 14: A signal obtained from the third evaluation circuit. 

Figure 1 is a basic depiction of an arrangement for welding parts, in particular wires, by 
ultrasound. The arrangement comprises an ultrasound welding device or machine 10, which 
includes in the usual manner a converter 12 and a sonotrode 14 as well as a backing electrode or 
ambos 15 associated therewith. In the embodiment, a booster 16 is placed between the converter 
12 and the sonotrode 14, above which the ultrasound oscillator 17 is placed, which consists of the 
converter 12, the sonotrode 14 and the booster 16. The backing electrode 15 associated with the 
sonotrode 14 or its sonotrode head comprising a welding area can be constructed in several parts, 
as disclosed in US-A-4,596,352 or US-A-4,869,419, in order to provide a compression chamber 
with an adjustable cross-section in which the elements to be welded, such as the wires, are placed. 

The converter 12 is connected via a line 1 8 to a generator 20, which is in turn connected by a line 
22 with a computer 24. A high frequency voltage from the generator 20 is transmitted to the 
converter 12, i.e. to the piezo-ceramic discs located therein, in order to expand or contract the 
discs accordingly, thus producing ultrasound oscillations with an amplitude, which are transmitted 
via the booster 16 to the sonotrode 14. 

In order to be able to detect and monitor the amplitude or, if necessary, regulate the desired 



expected values, so-called amplitude feedback occurs according to the invention, i.e., the 
amplitude of a component element of the ultrasound oscillator 17, i.e. the converter 12 and/or the 
booster 16 and/or the sonotrode 14, is measured and fed back to the control system 20 in order to 
compare the measured actual amplitudes with the expected amplitude values or expected 
amplitude ranges stored in the computer 24. Expected amplitude range means a bandwidth of 
properly evaluated expected amplitudes. If actual amplitude is above or below the expected 
amplitude bandwidth, then a readjustment of the high frequency voltage can occur in the generator 
present in the control system 20, in order to change the actual amplitude. 

In order to detect the amplitude, i.e. to associate a sensor with a component element of an 
oscillator system 1 5, there are a variety of possibilities, of which several are illustrated, for 
example, in Figures 2 to 6. 



Preferably a sensor 26 is integrated or placed in or on the converter 12. The sensor 26 can be a 
piezo-ceramic sensor, which is positioned in the converter 12 together with the additional piezo- 
ceramic discs 28, 30, 32 and 34 present, to which a high frequency voltage is applied in the known 
manner in order to produce the ultrasound oscillations with the desired amplitude and desired 
frequency by means of expansion or contraction of the piezo-ceramic discs 28, 30, 32 and 34. As a 
result, the discs 28, 30, 32 and 34 are active parts, while the sensor 26 is designated as a passive 
part, since a high frequency signal is produced by the pressure conveyed to the sensor 26 from the 
discs 28, 30, 32 and 34, which signal provides information about the amplitude. 

In the embodiment of Figure 3, a sensor 36 is placed on the back end face of the converter 12, 
namely on the outside at the resonator or converter nut, and is tensioned by it in order to produce a 
signal as a function of the oscillation amplitudes produced by the discs 28, 30, 32 and 34. 

A sensor 38 can also be positioned in the pin of the converter 12, as shown in Figure 4. 

If it is preferred to place the sensor in or on the converter, it is also possible to integrate a sensor 
40 in the booster 16, as shown in Figure 5. 



A corresponding design can also occur with respect to the sonotrode 14. According to the drawing 
depiction of Figure 6, a preferably piezo-ceramic disc is tightened as a sensor 42 in the sonotrode 
14, i.e. between sections 44 and 46, wherein the sensor 42 defines a plane extending vertically to 
the oscillator longitudinal axis, as in the embodiments of Figures 2 to 5. 

If, as mentioned, a piezo-ceramic sensor is preferred as the amplitude sensor, other sensors are 
nonetheless equally suitable. For example, inductive sensors, capacitive sensors, optical sensors, 
such as laser sensors, acoustic sensors, acceleration sensors or resistance sensors, such as 
measurement tape sensors, can be mentioned. 



Figure 7 is a basic depiction of the arrangement of a piezoelectric sensor 48, which in the 
embodiment comprises two piezo-ceramic breaker plates 50, 52 that are delimited in the known 
manner by electrodes, which are not explained in more detail, in order to be able to access signals, 
which correspond to the oscillation amplitude of a converter 54 of an ultrasound welding device, 
as can be seen in Figure 1 . 



The converter 54 in the embodiment comprises four first piezo-ceramic breaker plates 56, 58, 60, 
62, 64 on which a high frequency voltage coming from the generator, i.e. the control system 20, is 
present in order to expand or contract the discs 56, 58, 60, 62, thus producing oscillations of a 
desired amplitude. The piezo-ceramic breaker plates 56, 58, 60, 62 are tensioned between a so- 
called converter pin 66, which is connected to a booster or directly to a sonotrode, and a converter 
68 - also called a resonator - via a first bolt element 70. In this respect, however, reference is 
made to sufficiently known constructions. The bolt 70 protrudes beyond a converter nut 68 and 
has a tapped blind hole 74 starting at its end face 72 with internal threading into which a second 
bolt 76 is screwed, via which the piezo-ceramic breaker plates 50, 52 are tensioned between the 
end face 72 of the first bolt 70 and a nut 78. The sensor 48 formed from the piezo-ceramic discs 
50, 52 runs in the maximum oscillation of the converter 54 and is frictionally connected thereto in 
such a manner via the two bolts 76, that an oscillation occurs in tune with the converter 54. 
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If the first piezo-ceramic breaker plates 56, 58, 60, 62 are designated as active component parts via 
which the oscillations in the converter 54 are produced, then the second piezo-ceramic breaker 
plates 50, 52 are passive components, since signals are produced with them as a function of the 
amplitude of the converter 54 and are sent to an evaluation unit in order to regulate the high 
frequency voltage present on the piezo-ceramic discs 56, 58, 60, 62 such that the converter 54 has 
the desired amplitudes, which in turn facilitate definite inferences about the amplitude of the 
booster or the sonotrode of the oscillator system. 

In the process, the output signals of the sensor 48 can be calibrated in that the amplitude of the 
converter 54 is determined, for example, by means of a laser, and the output signal of the sensor 
48 is calibrated to a standardized signal. Appropriate values can then be stored on a chip, which is 
associated with the oscillator or the converter 54 or is attached thereto. 

The fact that signals accessed from the sensor allow direct statements to be made about the 
amplitudes of the converter 54 can be seen in principle in Figure 8. There a high frequency current 
measurement curve 80, which corresponds to the high frequency current flowing to the converter, 
and a curve 82, which corresponds to the signals of the sensor 48, are depicted. A direct 
comparison shows that the course of the curve of the sensor 48 can definitely be associated with 
the course of the curve of the high frequency current. 

In order to evaluate the sensor signals, there are a variety of possibilities, of which some examples 
are shown in Figures 9 to 14. 

In the process, a differential amplifier 84 with a comparator can be used for signal evaluation. 
Present at the inputs 86, 88 of the differential amplifier 84 are the sensor signals or high frequency 
current or voltage signals of the generator. The signals are compared and in the event of an 
impermissible deviation a signal is produced, which can be evaluated by the control system 
circuit. In the process, a signal shape develops, which corresponds to that of Figure 10. The 
signals 



obtained are then applied to the digital input of a control system in order to regulate the high 
frequency voltage or the high frequency current, which is present at piezo-ceramic discs 56, 58, 
60, 62 and flows to the converter. 



as 



There is also the possibility of evaluating the control signals by means of a rectifier circuit 90, 
can clearly be seen in Figures 1 1 and 12. An analog direct voltage signal ranging between 0 and 
10 volts is produced via the rectifier 90 and can be evaluated by the control system. The 
corresponding signal is then sent to an analog input of a control system of the high frequency 
voltage or the high frequency current. 



To determine the oscillation frequency of the converter 54, the control signal can be present with 
hysteresis at an input 92 of a comparator 94. To determine the oscillation frequency, the sensor 
signal is transformed into pulses with the oscillation frequency and is sent to a counter input of a 
control system, such as a PLC control system. 
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